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METHODS 



A New Technique for Cyclic In Situ Amplification 
and a Case Report About Amplification of a Single 
Copy Gene Sequence in Human Metaphase 
Chromosomes Through PCR-PRINS 

Thomas Harrer, 1 Eberhard Schwinger, 1 and Kirsten Mennicke 1 ' 2 * 

'De/xmment of Human Genetics. Medical University of Liiheck, Liiheck, Germany 

2 KIM/Jc fur Kinder- und Jugendmedizm, Uedizuvsche Universal *u Lubeck, Lubeck, Germany 

O.manunicaud by Martin liobrou) 

Since the introduction of PRimed IN Situ labeling (PRINS) as a rapid and extremely sensitive 
alternative method to conventional fluorescence in situ hybridization (FISH), its application in 
clinical cytogenetics has been limited to the detection of highly repeated sequences, such as cen- 
tromeric and telomeric regions. In the original PRINS method, unlabeled oligonucleotide probes 
are annealed to their repeated complementary target sequences in fixed human metaphase chro- 
mosomes on a slide. The probes serve as primers for subsequent in situ chain elongation with laq 
DNA polymerase and labeled nucleotides. In contrast to conventional PCR, cychc m ^ amplifi- 
cation of the chromosomal target DNA with paired primers remained both difficult and strictly 
limited to highly repeated sequences, since the maintenance of constant reaction conditions on 
the slide during temperature and pressure shirts presents a major problem. developed a new 
system for in situ PCR that allows the amplification of target sequences analogous to PCR m the 
test tube. We applied this method successfully for the detection of highly repeated sequences, for 
the detection of low copy repeats, and in one case, for the detection of a single-copy DNA se- 
quence. The significance of this development for further in situ PCR applications will be dis- 
cussed. Hum Mutat 17:131-140, 2001. © 2001 Wilcy-LUs, inc. 

KEYWORDS: primed in situ labeling; PRINS; cyclic PRINS; in situ PC* FISH; single-copy gene se- 
quence; single-copy gene amplification; human metaphase chromosomes; DMU; Ar UA 
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DMD - OMIM: 310200; GDB: 119850; HGMD: DMD 
APOA1 - OMIM: 107680; GDB: 119684; HGMD: APOA1 



INTRODUCTION 

The PRimed IN Situ labeling (PRINS) method 
is based upon che sequence-specific hybridiza- 
tion of unlabeled oligonucleotides to their 
complementary target sequences in the chroma- 
tin where they serve as primers for a chain elonga- 
tion reaction in situ catalyzed by a DNA polymerase 
[Koch ec al., 1989]. The binding sites are visual- 
ized directly or indirectly through incorporation of 
either tluorochrome -labeled or haptenized nucle- 



otides into the newly synthesized DNA strand. 
Haptenized binding sites are subsequently detected 

Received 1 May 2000; accepted revised manuscript 27 Octo- 
ber 2000. 

♦Correspondence to: Dr. med. Kirsten Mennicke, Klinik fur 
Kinder- und Jugendmedizin. Medizinische Universitat zu Lubeck, 
Ratzeburger Allee 160, D-23538 Lubeck, Germany. E-mail: 
mennicke@rnedinf.mu-luebeck.de 

Contract grant sponsor: Hochschulfdrderung (Medical Faculty 
Research Foundation) of the Medical University of Lubeck; Con- 
tract grant number: 88/96. 



£2001 WILEY-L1SS. INC. 



132 HARRER ET AL. 



by fluorochrome-labeled antibodies. The use of 
oligonucleotide probes allows the detection of 
much smaller targets than those accessible to 
conventional in situ hybridization and results in 
the higher sensitivity of the PRINS method and 
in its amazing discriminatory power for small 
sequence variations [PellestoretaL, 1994, 1995]- 
Beyond the fast characterization of both nu- 
merical and structural chromosome aberrations, 
it is likely that modifications of the PRINS 
method will provide a bigger field of future ap- 
plications in the detection of low- and single- 
copy DNA sequences. Possible routine detection 
of single copy genes would allow the physical 
mapping of short sequences from partially se- 
quenced DNA (e.g., sequence tagged sites and 
expressed sequence tags) to human chromo- 
somes as well as detecting the deletion of a single 
exon by cytogenetic analysis. As opposed to 
FISH, the PRINS method provides the possibil- 
ity for the enhancement of its sensitivity by per- 
forming multiple cycles of PRINS reactions 
[Gosden and Hanratty, 1993; Therkelsen et al, 
1993; Gosden and Lawson, 19941- While the 
exponential in situ amplification of highly re- 
peated sequences has been accomplished with 
paired primers [Therkelsen et al, 1993], this has 
not been possible for single -copy genes. With 
our new cycling PRINS technique we present 
here the first human single-copy gene amplifi- 
cation. We amplified a sequence of 273 bp in 
exon 8 of the DMD gene (MIM# 310200) . 

MATERIALS AND METHODS 

Chromosomes were prepared from peripheral 
blood lymphocytes by standard methods, fixed 
in methanol: acetic acid (3:1) and dropped onto 
clean glass slides above a center-cross previously 
carved on the bottom side of the slide. Then the 
slides were air- dried and passed through an etha- 
nol series (70%, 90%, 100%), were air-dried 
again and aged for three d at room temperature. 
We used a ddNTP pretreatment [Koch et al., 
1995] in order to avoid non-specific initiation 
of chain elongation on single -strand nicks in the 
chromosomal DNA [Gosden and Lawson, 
1 994] . The reaction mixture for the ddNTP pre- 
treatment was applied in a "slide seal" reaction 
chamber (Hybaid Corp., Teddington, UK) and 



consisted of 40^1 distilled water, 5jxl of lOxTaq- 
buffer (500 mM KC1, 15 mM MgCl 2 , 100 mM 
TrisHCl pH 8.3), 5pJ of ImM ddNTP- sol. and 
0.3jll Taq-polymerase (SU/pl) (Oncor, Appligene 
No. 120181A). The slides were incubated at 
65°C for 20 min and then were transferred to 
stop buffer (50 mM NaCl, 50 mM EDTA, pH 8) 
for 1 min at room temperature, followed by two 
washing cycles of 5 min each in 2xSSC. The 
slides were then passed through an ethanol wash 
series (70%, 90%, 100%, 3 min each), air-dried 
again, and incubated in 70% deionized formamide 
in 2xSSC at 70°C for 2 min to denature the chro- 
mosomal DNA for the first PRINS cycle. This pro- 
cedure was immediately followed by an ice-cold 
ethanol series (70%, 90%, 100%, 3 min each) at 
-20°C. After being air-dried again the slides can 
be stored in a folder at -20°C up to six weeks. 

The key trick for our multicyclic PRINS pro- 
tocol is the use of an open reaction chamber for 
a reaction volume of 75|il. Evaporation control 
is provided by an additional layer of 70|Lll paraf- 
fin oil over the reaction mixture. As reaction 
chambers we took the upper part of PCR- tubes 
(No. 710910; Biozym Diagnostik Corp., Olgen- 
dorf, Germany). A hot blade enabled us to cut 
them in large numbers. With a hot glue pistol 
(Pattex Supermatic, www.henkel.com) we ap- 
plied silicon glue (Pattex hot sticks transparent; 
Henkel) in the shape of a ring on the slide and 
then set the cut tube piece into the ring with 
the cut side facing upward. The application of 
the silicon glue onto the slide is facilitated by 
placing the slide on a paper with the drawing of 
a circle that corresponds to the diameter of the 
PCR-tube, the carved center-mark of the slide 
being adjusted to the center of the drawing. For 
our reaction mix we used deep frozen aliquot* 
of 60fxl containing 1.5|lll of each lOmM dATR 
dCTR dGTP; l.Ojil of 10mM dTTP; 4jLtl of glyc- 
erol 80%; 7.5^1 of IQxTaq-buffer and 43^1 of dis- 
tilled water. To the aliquot were added before 
incubation: 5^1 of ImM digoxigenin-1 l-dUTI> oli- 
gonucleotide primer solution (Table 1) and distilled 
water to the total volume of 75]al. The nucleotide 
concentrations in the volume of 75jil are: 

IdATP] - IdCTPl - (dGTP] = [dTTPl 
4- Idig-dUTP] = 0.2 mM. 
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Name 



TAB.* ) . Sequences of Oligonucleotide Primers tor Cyclic PRINS and PCR^PWNS. 

Origin . Sequence 



Primers for highly repeated sequences: _ „ ^ AAC TAA ACA ^ 

SSI'S S SSSaSSSIS}! S^A^AAGGAAAAGGCTT 

Ston of DXZ1-F+R: -5oi)bp best annealing temp : 60--64X (titrated) 

Allfdomeres (42-mer) Therke.sen et a!. [1995] (CCCTAA,^ .^d, 

,- Jn * u^K-ial fl095l RTG GGT GCT GTT CCA GGC TGI CAG AGG CTC 

lp36 (30-mer) Koch et al. (1995J ^ a ° n „ ealilig temp.: 60'-65«C (titrated) 



Primers for low repetitive sequences on the examrJe of the apo (a)-gene 



Apo F 
Apo R 



(30-mer) 
(24-mer) 



Apo-2 F (30-mer) 
Apo-2 R (28-mer) 
Amplicon of Apo-2F+R: 172 bp 



Hindkjaer ct al. [1996] 
Hindkjaer et al. [1996] 

Mennicke and Harrer 
Mennicke and Harrer 



GGG TGC AGG AGT GCT ACC ATG GTA ATG GAC 
CCC AGG CCT TTG CTC AGT CGG GTG 
best annealing temp.: 64*-66"C (titrated) 
TCA TGA ACT ACT GCA GGA ATC CAG ATG CTG 
GIT CGG AAG GAG CCT CTA GGC TTG GGA A 
best annealing temp.: 62°-64 t C (titrated) 



Primers for single copy DNA-sequcnces on the the example of the DMD-gene: 
Primer mix of the smallest amplicons: 



DMD-Ex53-F 
DMD-Ex53-R 
Amplicon: 212 hp 
DMD-Ex60-F 
DMD-Ex60-R 
Amplicon: 139 bp 
DMD-Ex8-iiF 
DMD-Ex8-iiR 
Amplicon: 273 bp 

DMD-Ex44-iiF 
DMD-Ex44-iiR 
Amplicon: 112 bp 
DMD-Ex51-iiF 
DMD-Ex51-iiR 
Amplicon: 290 bp 
DMD-Ex53-iiF 
DMD-Ex53-iiR 
Amplicon: 143 bp 
DMD-Ex60-iiF 
DMD-Ex60-iiR 
Amplikon: 69 dp 



(27-mer) 
(29-mer) 

(29-mer) 
(28-mer) 

(29-mer) 
(29-mer) 



(25-mer) 
(30-mer) 

(31-mer) 
(30-mer) 

(26-mer) 
(29-mer) 

(29-mer) 
(31-mer) 



Abbs et al 
Abbs et at 



[1991] 
[1991] 



Beggs et al. [1990] 
Beggs et al. [1990] 

Mennicke and Harrer 
Mennicke and Harrer 



Mennicke and Harrer 
Mennicke and Harrer 

Mennicke and Harrer 
Mennicke and Harrer 

Mennicke and Harrer 
Mennicke and Harrer 

Mennicke and Harrer 
Mennicke and Harrer 



TTG AAA GAA TTC AGA ATC AGT GGG ATG 
CTT GGT TTC TGT GAT TTT CTT TTG GAT TG 
theoret. optimal annealing ^P* : A 5 A 4 ^ e%K _ „ 
AGG AGA AAT TGC GCC TGT GAA AGA GAA CG 
CTG CAG AAG CTT CCA TCT GGT GTT CAG G 
theoret. optimal annealing temp : 58 rC 
TCT GGA GGA CAT TCA TGG ACA ATT CAC TG 
TTC TTT AGT CAC TTT AGG TGG CCT TGG CA 
theoret. optimal annealing temp.: 54.9°C 
best annealing temp.: 64° (titrated) 
ACA GAT CTG TTG AGA AAT GGC GGC G 
TCC CAA TTC TCA GGA ATT TGT GTC TTT CTG 
theoret. optimal annealing temp.: 52^X2 
ATT TTT CTT TTT CTT CTT TTT TCC TTT TTGC 
TCA TAC CTT CTG CTT GAT GAT CAT CTC GTT 
theoret. optimal annealing temp.: 55.1*C 
AAG AAC ACC TTC AGA ACC GGA GGC AA 
TGT ATA GGG ACC CTC CTT CCA TGA CTC AA 
theoret. optimal annealing temp.: 56.3°C 
TGA GCC ACG TCA AGG ACC TTG CTC GCC AG 
TGA GGT TAT ACG GTG AGA GCT GAA TGC CCA A 
theoret. optimal annealing temp.: 55.9°C 



The relation of the labeled nucleotides is: 

[dTTP]: [dig-dUTP] -2:1. 

We used varying amounts of primers from 
0.5u.g (DMD-gene) up to 16u.g apo(a)-gene 
(APOAl;MIM# 107680) for each single primer 
per reaction. After filling the reaction mix into 
the reaction chamber and adding 70ul of paraf- 
fin oil, the slides were transferred to a HYBAID 
OmniGene flatbed thermal cycler and pre- 
heated to the primer-specific annealing tempera- 
ture, Then 0.4|xl Taq-polymerase (5U/|xl) were 
added analogous to the hot start in PCR tech- 
nique. 

The program used for multicyclic PRINS re- 



actions was: X°C, 5 min; 72°C, 10 min; (1st 
cycle); 94°C, 4 min; X°C, 3 min; 72°C, 6 min; 
(2nd cycle); 94°C, 1 min; X°C, 1 min; 72°C, 3 
min; (3rd to 20th cycles). X°C is the primer- 
specific annealing temperature. Best results were 
obtained with 15 to 20 cycles. After the last ex- 
tension the slides were held at 72°C Pieces of 
plastic foil (10cm X 10cm) with a small slit were 
slipped over the reaction chamber of each slide. 
Then the reaction chambers were washed out 
with 1ml scop buffer. The reaction chamber and 
the plastic foil were quickly removed and each 
slide transferred for 1 min into a Coplin jar with 
stop buffer preheated to the primer- specific an- 
nealing temperature. Then the slides were passed 
through an ethanol series (70%, 90%, 100%, 3 
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min each), afterwards through xylol for 3 min, 
then they were passed again through an ethanol 
series (100%, 90%, 70%, 3 min each) and were 
washed in washing buffer (4xSSC, pH 7.0; 0.05 
% Tween®) for at least 2 x 15 min. Then the 
slides were incubated with a solution of 5^1 anti- 
digoxigenin-fluorescein Fab-fragments (Boehrin- 
ger Mannheim, No 1207741) in 1ml of 1% 
blocking reagent (Boehringer Mannheim, No 
1363514) for 10-30 min in the dark and were 
washed again in washing buffer 3 x for 5 min. 
Without allowing the slides to dry they were 
mounted with propidium iodide in antifade 
(Oncor Appligene, Gaithersburg, MD). 

Besides the cycling PRINS protocol, we car- 
ried out two step reactions: PCR-PRINS, con- 
sisting of amplification cycles with unlabeled 
nucleotides, followed by cycles with labeled 
nucleotides and nested PCRs with subsequently 
used sets of different primer-pairs. For PCR- 
PRINS (Fig. 1) we used a reaction mixture with 
dTTP instead of digoxigenin-1 1-dUTP The 
first 12 to 15 cycles were performed according 
to the multicyciic PRINS-proiocol. While hold- 
ing the slides on 72°C after the last extension 




\ — > ; primer : iabe+ nucleotide 

*• • mx^eo:kies : polymerase 

» • — " 

figure l. Principles of PCR-PRINS. A: PGR in situ: 1st 
and 2nd cycle; B: PCR in situ: product after the 3rd cycle; 
C: Cycling PRINS. 



stage, 5|xl of ImM digoxigenin-ll-dUTP and 
1.5U Taq polymerase were added. Then the 
"PRINS-detecrion" was started: 94°C ( 2 min; 
X°C, 3 min; 72°C, 6 min; (1st cycle); 94°C, 1 
min; X°C, 1 min; 72°C, 3 min; (2nd to 5th 
cycle). The subsequent procedure was the same 
as for the multicyciic PRINS-protocol. Digital 
images were captured using a Hamamatsu 
charged- coupled device (CCD) camera mounted 
on a Zeiss Axiophot fluorescence microscope and 
were stored using Meta Systems software. 
Only hybridization with a hybridization rate 
over 80% after evaluating 50 metaphase 
spreads are reported. 

Our protocols were carried out with single 
primers and primer-pairs (Table 1) that repre- 
sent three groups of chromosomal targets: highly 
repeated sequences, low copy sequences, and 
single copy sequences. For highly repeated se- 
quences we chose the midi-satellite sequence 
D1Z2 with its single primer "lp36" [Koch et ah, 
1995], centromeric a* satellite DNA with the 
primer pair DXZ1-F and DXZ1-R by Warburton 
et al. [1991] and the telomeric sequence with 
the 42-mer primer (CCCTAA) 7 by Therkelsen 
et al. [1995]. For low copy sequences wechose 
the apo(a) gene on chromosome 6q26-q27. This 
sequence contains a varying number (10-51) ot 
similar or identical 342 bp Kringle IV motifs 
[Lackner et al., 1993], We applied three differ- 
ent pairs of apo(a) primers; The primers pub- 
lished by Hindkjaer et al. [1996] are two 
independent single primers situated back to 
back: "Apo F and "Apo R". We used the signal 
intensity obtained with "Apo F + Apo R" as our 
standard for linear amplification and expected 
stronger signal intensities for any exponential 
amplification within the apo(a) gene. We de- 
signed a primer pair "Apo-2 F+R" which pro- 
duced specific amplicons of 172 bp on genomic 
DNA. The combination of the primer "Apo -2 
F" with the primer "Apo R" resulted in a third 
primer pair and the production of a specific 
amplicon of 1385 bp. With this constellation we 
intended to compare the signal intensities of 
three primer-pairs in PRINS, which produced on 
genomic DNA: no amplicon, small amplicons, 
big amplicons. 

For single copy sequences we chose the DMD 
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gene and constructed a set of primer- pairs with 
a primer-spacing of approximately I kb, accord- 
ing to the target size recommended for PRINS- 
labeling by Gosden and Lawson [1994). We 
designed these primer-pairs as outer primers, 
nested around the well-established multiplex 
PCR-primer-pairs [Chamberlain et al., 1988, 
1989; Beggs et al., 1990; Abbs et al., 1991 J . The 
set of outer primer-pairs was incubated for sev- 
eral cycles with unlabeled nucleotides followed 
by a series of reaction cycles with the inner 
primer-pairs and labeled nucleotides. In a sec- 
ond approach we applied the same combined 
technique of nested PCR in situ and cyclic 
PRINS for a smaller primer- spacing: the origi- 
nal multiplex PCR-primer- pairs were used as^ 
outer primers and we designed a new set of 
primer-pairs nested inside their respective tar- 
get sequences. In a third approach we selected 
seven primer-pairs with the smallest primer-spac- 
ing, ranging from 68 to 290 bp for a cyclic multi- 
plex PRINS reaction with 12 amplification 
cycles. In a fourth approach we carried out both 
cyclic PRINS reactions and PCR-PRINS reac- 
tions (15 cycles unlabeled nucleotides / 5 cycles 
labeled nucleotides) for each one of the seven 
primer-pairs. 

RESULTS 

Application of Cycling PRINS to Highly 
Repeated Sequences 

The primer pair DXZ1-F and DXZ1-R, origi- 
nally designed for tube PCR on genomic DNA 
by Warburtonetal. 11991], produced surprising 
results: Single PRINS reactions for each primer 
alone resulted in specific signals (Fig. 2 A, B). 
With the primer pair we obtained stronger sig- 
nals in a single reaction than with each primer 
alone (Fig. 2C). Our cycling PRINS-protocol 
with 20 cycles yielded no signal at all for each 
single primer (Fig. 2D), while the primer pair pro- 
duced very strong specific signals in the cyclic 
protocol with neither background noise nor sig- 
nals on other centromeres (Fig. 2E). For the 
primer "lp36" [Kochet al., 1995] the situation 
is very different: Application of this single primer 
in a protocol of 20 cycles resulted in very strong 
signals (Fig. 3) , stronger than the signals obtained 
in a single PRINS -reaction. Therkelsen et al. 



[1995] had applied the telomeric 42-mer primer 
(CCCTAA) 7 in a single-PRlNS-protocol but did 
not receive signals on every telomere. When we 
applied the same primer in our cycling protocol 
we received strong and highly specific signals. 
After 20 cycles all telomeres were stained and 
no background or unspecific signals were ob- 
tained (Fig. 4). 

Application of Our Cycling PRINS Protocol for 
the Detection of Low Copy Sequences 

Each one of the four single apo(a) primers vi- 
sualized their target sequence in a single -PRINS 
reaction (Fig. 5B). The specific signals were weak 
and associated with a lot of background stain- 
ing. With primer pairs we received the best sig- 
nals in our cycling PRINS protocol after 12 
amplification cycles. All three primer-pairs 
showed specific signals of good quality and equal 
intensity (Fig. 5C-E). The best results for all 
apo(a) primer pairs were obtained with our two- 
step cycling protocol consisting of 1 5 cycles with 
unlabeled nucleotides, followed by five cycles 
with labeled nucleotides (Fig. 5F). However 
primer pair u Apo-2 F + R" produced still only 
marginally stronger signals than primers w Apo F 
+ Apo R". 

Application of Our Cycling PRINS Protocol for 
the Detection of Single Copy Sequences 

The combination of multiplex-nesced-PCR in 
situ and cycling PRINS revealed no specific sig- 
nals for the DMD primer- sets: not for the nested 
primer pairs with big primer- spacing nor for the 
ones with small primer- spacing. The selection 
of seven primer pairs with the smallest primer- 
spacing (68 to 290 bp) applied as a multiplex 
primer cocktail revealed specific signals at the 
DMD-locus on chromosome Xp21 after a cyclic 
PRINS protocol with 12 amplification cycles. 
Subsequently we carried out cyclic PRINS reac- 
tions and PCR-PRINS reactions for each one of 
the seven primer pairs alone: Only one primer 
pair produced unambiguous specific signals (Fig. 
6A-C). The PCR-PRINS protocol improved 
both signal quality and signal to background ra- 
tio. The primer pair "DMD 8ii F+R" amplifies a 
short sequence of 273 bp in exon 8. To our 
knowledge this is the first successful cyclic in 
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the enormous pressure shifts inside the closed 
reaction chambers due to the temperature 
changes during the cycling process. Commer- 
cially available reaction chambers and conven- 
tional slide sealing techniques with rubber gum 
[Gosden and Hanratty, 1993] or nail polisher 



situ amplification of a single copy sequence on 
human metaphase chromosomes. 

DISCUSSION 

The main difficulty for every application of 
cyclic PRINS or in situ PCR-methods has been 





FIGURE 3. Primer D1Z2 after 20 cycles of PRINS: strong 
labeling of lp36. [Color figure can be viewed in the online 
issue, which is available at www.interscience.wiley.com. J 



FIGURE 4. Telomere primer (CCCTAAb after 20 cycles of 
PRINS: labeling of all telomeres. [Color figure can be 
viewed in the online issue, which is available at 
www.interscience.wiley.com.] 
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figure 6. DMD gene on Xp21. A: Primerpair 8iiF+R af- 
ter 12 cyles PRINS (male patient); B: Primerpair 811F+R 
after PCR-PRINS in a female patient (15 cycles with unla- 
beled nucleotides and five cycles with labeled nucleotides); 
C: Primerpair 8UF+R after PCR-PRINS in a male patient 
(15 cycles with unlabeled nucleotides and five cycles with 
labeled nucleotides). 



[Troyer et al., 1994] are not sufficiently effec- 
tive according to our experiences. If the closed 
reaction chambers on slides can not provide per- 
fect evaporation control over the entire reac- 
tion time, then concentration shifts are likely to 
compromise the result or at least limit the sensi- 
tivity of the method. By the use of open reac- 
tion chambers we have eliminated the problem 
of pressure shifts for in situ PGR and cyclic 
PR1NS methods, thus allowing the amplification 
of their target sequences analogous to the tube 
PCR. The maintenance of constant reaction 
conditions through the entire protocol results 
in standardization and reproducibility of PRINS 
protocols. Constant stringency diminishes back- 
ground staining and mismatch annealing. The 
open reaction chamber has also the advantage 
of providing access to the reagent mixture at any 
time. This allows both "hot starts" analogous to 
the tube PCR and "two step reactions" like PCR- 
PRINS IHindkjaeretal., 1996] or nested PCRs. 

Two-step in situ reactions can be carried our 
with our protocol in one cycler-run. We exam- 
ined the reaction conditions for paired primers 
in our cyclic PRINS protocol by application of 
specific amplicons into the reaction-mix. The 
respective amplicons had previously been ob- 
tained on genomic DNA. In the reaction mix 
they served as easily accessible target equiva- 
lents. Gelelectrophoresis subsequent to the cy- 
cling reaction proved exponential amplification 
of the amplicons (Fig. 5G). We could further- 
more demonstrate that higher concentrations of 
primers and labeled nucleotides can be used in 
our protocol and result in signal improvement 
without increase of background noise. With in- 
creasing numbers of reaction cycles, the chro- 
mosome morphology is suffering considerably 
like in any cyclic in situ application. We found 
the amount of 12 reaction cycles to yield the 
best results. Another finding is that chemical 
denaturation achieves a stronger signal inten- 
sity if the thermal denaturation is omitted for 
the first cycle of every cycling protocol. 

Application of Cycling PRINS to Highly 
Repeated Sequences 

From our results with the primer pair DXZ 1 - 
Fand DXZ1-R, single primer"lp.36" (D1Z2- se- 
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quence) and telomeric primer (CCCTAA) 7 we 
conclude that competitive forces exist in every 
cycling PRINS -reaction. And we assume chat 
the balance of these forces is a primer-specific 
property which might reflect both the sequence 
and the local chromatin organization of the tar- 
get sequence. In those cycling protocols in which 
DXZ1 primers were singly applied no signal was 
obtained: The diffusion of the product away from 
the target sequence through the repeated heat- 
ing is stronger than the linear product amplifi- 
cation with the single primer However, paired 
DXZ1 primers yielded strong signals in cyclic 
PRINS: Exponential product amplification is 
stronger than the diffusion of the labeled prod- 
uct away from the target. A different situation 
exists for the amplification with the single primer 
u lp36 M . Cyclic amplification resulted in very 
strong signals (Fig. 3), stronger than the signals 
obtained through a single PRINS -reaction: Lin- 
ear amplification of the target sequence with this 
single primer exceeds product diffusion strongly. 
This is also the case for the telomeric primer 
(CCCTAA) ? . 

Application of Our Cycling PRINS Protocol for 
llie Detection of Low Copy Sequences 

Exponential amplification is the case when the 
newly synthesized labeled product serves as tar- 
get sequence in subsequent amplification cycles. 
That this is possible also under the restricting 
steric conditions of chromosomal DNA had been 
demonstrated by Therkelsen et al. [1993] with 
the exponential in si tu amplification of the 17 lbp 
repeat in a- satellite DNA. For our primer-pair 
w Apo-2 F + Apo-2 R" we had also expected ex- 
ponential in situ amplification but in cyclic 
PRINS it did not produce stronger signal inten- 
sities than amplification with single primers. This 
lead us to the question why a target sequence of 
17 lbp within a highly repetitive DNA sequence is 
amplified exponentially while a target of 172bp 
within a low: repeated sequence is amplified only 
in a linear mode. Our conclusion is that the ampli- 
fication of an entire target sequence is not very 
likely to happen within the condensed chromatin. 

In highly repeated sequences with thousands 
of possible binding sites, at least a few complete 
amplicons are produced, thus allowing the start 



of exponential amplification. The increase ot sig- 
nal intensity in linear amplification is most likely 
caused by partial amplification of the target se- 
quence. While the incorporation of labeled nucle- 
otides is no hindrance in the amplification of 
genomic DNA in tube PGR [Weier et ah, 1991], 
there is some evidence that the label-nucleotide 
incorporation into chromosomal DNA does re- 
duce the length of the obtained extension reac- 
tion and therefore the sensitivity of the method: 
Gosden and Hanratty [1991] compared the sen- 
sitivity of PRINS -reactions obtained with label- 
nucleotides of different sizes and found that 
nucleotides with a shorter C-linker result in higher 
sensitivity. This is in contrast to observations in 
other applications where longer C-linkers result 
in higher sensitivity. In the PRINS -reaction rep- 
resents the bigger C-linker probably the bigger 
obstacle for the label incorporation into the tar- 
get. In order to eliminate this eventual cause of 
steric hindrance from our reaction conditions we 
applied a two step cycling protocol with 15 cycles 
of unlabeled nucleotides, followed by 5 cycles with 
labeled nucleotides (Fig, 1). With this protocol 
we received the best results for all apo(a) gene 
primer pairs (Fig. 5F). 

Application of Our Cycling PRINS Protocol for 
the Detection of Single Copy Sequences 

Complex in situ methods like multiplex PCR- 
PRINS or nested PCR-PRINS, which theoreti- 
cally should enable single copy gene detection, 
seem to be limited through the fact that chro- 
mosomal DNA does not show consistent prop- 
erties in the same way as genomic DNA. The 
amplification of an entire target seems to be a 
rare event within the chromosomal DNA. Our 
experiments have shown that single copy gene 
in situ amplification is principally possible. How- 
ever it seems to be the case that successful ex- 
ponential amplification with the present 
methods is due to a rare primer- specific prop- 
erty and reflects the local chromatin organiza^ 
tion of the target. In order to achieve the goal of 
routine single-copy gene detection it will be nec- 
essary to combine the cyclic PRINS method with 
a completely new technique that would provide 
better target access for the DNA polymerase 
prior to the PRINS reaction. 
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